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SEAT BELT RETRACTOR HAVING A TORSION BAR 

The present invention generally relates to seat 
belt retractors having torsion bars. 
5 The classic type of seat belt retractor comprises 

a frame with a spool rotationally mounted upon the 
frame. The spool will typically include one or more 
lock wheels each having a plurality of teeth that are 
engaged and locked by a corresponding lock pawl. The 

10 lock pawl or lock dog is rotationally mounted to the 
frame and movable from a disengaged position to an 
engaged position with a tooth. of the lock wheel. In 
this type of retractor once the spool is locked, 
further rotation of the spool is prohibited. One 

15 skilled in the art will appreciate that all forward 

motion of the vehicle occupant will not be stopped in 
this type of retractor because as the vehicle occupant 
loads the locked retractor, the seat belt is stressed 
and stretches and the seat belt slips over itself (the 

20 so called film spool effect) . 

However, with an energy absorbing retractor, the 
spool and its associated mechanisms are permitted to 
rotate and the seat belt is controllably permitted to 
protract in response to the load imparted to the seat 

25 belt by the vehicle occupant. The forward motion of 

the vehicle occupant is restricted by a reaction force 
or torque generated within the retractor and modified 
by the stretching seat belt. In this way the 
protraction of the seat belt and the forward motion of 

30 the vehicle occupant are controlled. Energy absorbing 
seat belt retractors often employ a deformable member 
such as a crushable bushing or a torsion bar. In 
either case, the bushing is crushed or the torsion bar 
twisted beyond its elastic limit into its plastic 
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range or zone of operation to generate the desired 
(theoretically constant) reaction torque which acts 
against the torque transferred to the retractor spool 
via the forces imparted to the seat belt by the moving 
5 vehicle occupant. 

The goal of an energy absorbing retractor is to 
generate a generally constant reaction force to oppose 
the forward motion of the vehicle occupant and to be 
able to generate this reaction force during the crash, 

10 that is, during the entire time that the seat belt is 
loaded by the vehicle occupant. In theory this can be 
achieved by utilizing a crush bushing or torsion bar 
that always operates in its constant plastic zone. 

In a torsion bar, seat belt retractor, one end of 

15 the torsion bar is fixedly attached to a lock wheel 
and the other end is fixed to the retractor spool. 
During a crash the lock wheel is prevented from 
rotating by interposing a lock dog or lock pawl within 
the teeth of the lock wheel. As the seat belt is 

20 loaded by the vehicle occupant, the spool will tend to 
rotate in opposition to the reaction torque generated 
within the torsion bar, as the torsion bar is twisted. 
The generated reaction torque depends upon the amount 
that the torsion bar is rotated or twisted as well as 

25 upon the physical characteristics of the torsion bar. 

More specifically, the reaction torque generated 
by a torsion bar will vary depending upon whether the 
torsion bar is in its elastic, transition or plastic 
zones or ranges. As mentioned, in an ideal torsion 

30 bar, the elastic range is characterized by a steep 
(preferably infinitely steep slope or deflection 
curve) and the plastic range is characterized by a 
perfectly constant torque deflection region having a 
sharp transition from the elastic region. In this 
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ideal torsion bar and corresponding seat belt 
retractor, once a first end of the torsion bar is 
locked and the spool loaded, the torsion bar will 
immediately make a transition from its elastic range 
5 (see curve 100 of FIG. 1) into the plastic range of 
operation such that a constant reaction force is 
generated by the retractor as the seat belt is 
protracted. 

Prior art torsion bars have been made using a 

10 number of different manufacturing methods. In one 

method, an over-sized metal bar is machined to reduce 
its diameter to a desired dimension. Subsequently, 
end formations are formed on the machined bar such as 
by cold rolling. The machining of the bar may produce 

15 stress risers which are typically non-uniform and the 
cold rolling of the machined bar, it is believed, 
reorients the grain structure of the metal in an 
undesirable manner. To make the stress distribution 
within the torsion bar more uniform, an annealing step 

20 is often used, which adds to the cost of the final 
product. However, this type of torsion bar does not 
achieve the objects of the present invention as it 
displays the characteristic torque deflection curve 
similar to that shown in curve 102 of FIG. 1 having an 

25 elastic zone, an extended elastic/plastic transition 
zone and a plastic zone. In another method of 
manufacture the torsion bar is made using a cold- 
formed process in which a metal bar or wire (large 
diameter) , has a diameter less than the desired 

30 dimension. The smaller than desired diameter bar is 
expanded into a bar having the desired larger 
diameter. This type of bar has been tested and it 
displays or shows a characteristic torque deflection 
curve similar to that of curve 102 of FIG. 1. The 
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prior art has also suggested a method of making a 
torsion bar having a shortened or abrupt elastic/ 
elastic transition zone. In this method a premachined 
or preformed torsion bar is work hardened (by being 
5 pre-torqued or twisted beyond its yield torque level) 
prior to installation within a seat belt retractor. 
One potential deficiency of this technique is that the 
pre-twisting reduces the useful range through which 
the torsion bar can be additionally twisted, during a 

10 crash, once installed within a retractor. 

There has been previously proposed another 
methodology of making a torsion bar for use within a 
seat belt retractor. The torsion bar was formed of a 
ductile, elongated body, located between the end 

15 formations and formed by pre-stressing bar stock by 
extruding an oversized metal bar into a bar of a 
reduced diameter with its grain structure in the 
vicinity of a center of the bar oriented in a 
longitudinal direction. The end formations of the 

20 torsion bar were formed by a cold heading process. In 
this process the cold headed bar was not annealed. In 
this process, the cold heading did not disturb the 
longitudinal direction of the grain structure in the 
central portion of the torsion bar. 

25 It has been found that if the bar stock is first 

extruded, with the formations cold headed as I had 
first proposed but subsequently if the torsion bar is 
annealed but not at a temperature or duration which 
will not cause the grain structure to increase and the 

30 torsion bar is pretwisted, excellent results can be 
expected. 
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Brief Description of the Drawings 

FIG. 1 shows a torque-deflection curve for an 
idealized torsion bar and for a conventional torsion 
5 bar having a circular cross section. 

FIG. 2 shows test data illustrating a torque- 
deflection curve for a torsion bar that has been cold- 
formed and annealed. 

10 

FIG. 2a shows test data for a torsion bar that 
has been cold formed, annealed and pretwisted. 

FIGS. 3a and 3b show a torsion bar in various 
15 steps of completion. 

FIGS. 4a and 4b are end plan views of the torsion 

bar. 

20 FIG. 5 shows a seat belt retractor incorporating 

a torsion bar of the present invention. 

FIG. 6 shows a curve of belt force versus time. 
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Detailed Description of the Invention 

FIGS. 3a and 3b show a torsion bar made in 
accordance with the present invention. The torsion 
5 bar 50 includes a center body 52 and two, end 

formations 52a, 52b which enable the torsion bar to be 
respectively mated with a spring arbor and a ratchet 
body. The torsion bar 50 is made from a bar (or large 
diameter wire) of metal having a circular diameter. 

10 In the preferred embodiment the bar or wire is made 

from AIAI/SAE 1005 Modified (CHQ) grade wire or stock. 
The wire or stock is formed using a known hot rolled, 
aluminum killed fine grain spheridized annealed steel 
with a Rockwell B rating of between 50 and 70 and 

15 preferably in the range of 60-65. This metal should 
have a surface finish of 0.1mm maximum seam depth. 
The tensile strength should be between 2,812 and 4,218 
kilograms per square centimeter. The maximum chemical 
constituents of the bar stock are preferably: 

20 Carbon 0.06, Manganese 0.35, Phosphorous 0.02, Sulfur 
0.02, Silicon 0.1, Copper 0.01, Chromium 0.08, 
Molybdenum 0.04 and Aluminum 0.06. The elongation is 
25% at 5 centimeters. The maximum grain size is 5. 
The diameter of the bar stock is between 9.525 and 

25 11.099 mm. This metal is chosen because it is 
sufficiently ductile with its grain structure 
generally longitudinally oriented. 

The initial diameter Di (see FIG. 3a) of the 
metal bar 110 is approximately five percent (5%) 

30 greater than the desired or final diameter Dd of the 

torsion bar 50. The final diameter of the torsion bar 
is about 1cm (9.8mm). The final diameter of the 
torsion bar is achieved using a cold forming extrusion 
process in which the bar 110 (see FIG. 3a) is 

6 
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partially forced through a die (not shown) and then 
bar 110 is cut to the desired length. During this 
extrusion process or step, the grain structure of the 
metal bar 110 remains oriented in a generally 
5 longitudinal direction. Reference character 53 
identifies a schematic illustration of a typical 
pattern of a longitudinal grain structure. That is, 
the grain structure is oriented substantially parallel 
to the axis 112 of the torsion bar 50. Even if the 
10 grain structure of the original bar or wire stock does 
not have its grain structure longitudinally oriented 
this extrusion process will so orient the grain 
structure . 

Subsequent to reducing the diameter of the 

15 bar 110 to the desired dimension, the ends of the bar 
are cold headed to form the end formations 52a, 52b. 
These formations can be formed in a multi-step process 
or in a single step. FIGS. 4a and 4b show end views 
of each of the end formations. The end formation 52a 

20 includes an enlarged diameter section upon which is 
formed a plurality of splines 56a. The end 
formation 52b includes an enlarged section having 
splines 56 and at least one integrally formed notch or 
groove 58 which provides a means to receive a spring 

25 arbor 60 as shown in FIG. 5. The cold headed process 
used to form the enlarged diameter splined 
sections 56a, 56b will maintain the longitudinal grain 
structure in the bar as well as add a radial component 
to the grain structure of the material. However, it 

30 is believed the transition radii 55, 57 (see FIG. 3b) 
prevent any discontinuities in the grain structure and 
stress distribution. Subsequently, the above- formed 
• torsion bar is annealed at a temperature and duration 
that does not disturb the grain size of the bar. 
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Unfortunately, the annealed torsion bar does not 
provide the precise torque-deflection curve that is 
desired. Characteristically, this curve (see the test 
data of FIG. 2) exhibits a low yield point. The real- 
5 world consequence of this low yield point is that the 
annealed torsion bar may yield prematurely. 

Subsequent to annealing the torsion bar is again 
pre-stressed by twisting. For the above described bar 
material (formed into a circular bar of 9.8 mm 

10 diameter torsion bar) and overall length of 58.3 mm 
(from tip-to-tip of the end formations) the bar is 
twisted 0.5 revolution. The resulting test data is 
shown in FIG. 2a. As can be seen the low yield point 
exhibited in FIG. 2 has been eliminated. The torque 

15 generated by the bar in its plastic regions increases 
somewhat linearly at about a slope of 0.0067 Nm per 
degree. Subsequent testing of this torsion bar has 
confirmed that the effect of removing the low yield 
point improves the kinematic performance in a crash, 

20 Reference is again made to the test data illustrated 
by curve 200 of FIG. 2a which shows a dramatically 
reduced transition zone between elastic and plastic 
behavior of the torsion bar 70 and which has been 
achieved with pre- twisting as described above. The 

25 amount of pretwist will most probably vary with the 
diameter, length and material choice of the bar. 

Reference is made to FIG. 5, which generally 
shows the construction of the major components of a 
torsion bar, energy absorbing seat belt retractor 20. 

30 The retractor 2 0 comprises a frame 22 with first and 
second sides 24a, 24b and a back 24c, each of the 
first and second sides includes a respective first 
opening 28a or 28b. The retractor 20 also includes a 
hollow spool 30 rotationally supported upon the frame. 
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The spool 30 includes a center body 32 and opposing 
flanges 34a, 34b at respective ends of the center 
body. The center body includes a hollow bore 40 
having splines 42 formed at one end thereof. The body 
5 also includes means such as a slot (not shown) of 

known construction for receiving and securing an end 
of a length of seat belt (seat belt webbing) 36. 
Numeral 36a designates a few layers of the seat 
belt 36 wound about the spool. 

10 A torsion bar 50 is received within the bore 40. 

The torsion bar includes a center body 52 and the end 
formations 52a, 52b. As mentioned, end formation 52b 
includes splines 56 (which drivingly engage with 
splines 42 of the spool) . The notch or groove 58 

15 (also see FIG. 4b) receives a driving key 60 of a 
spring arbor 62. The spring arbor includes a 
slot 64 in which is received an inner end of a rewind 
spring 66. The outer end of the rewind spring is 
secured to a spring cover 68. The cover is secured to 

20 frame side 24b and includes a circular projection 70 
received within frame opening 28b. The circular 
projection serves as a bushing to rotationally support 
the spring arbor 62, torsion bar 50 and spool 30. The 
spool includes opposing pockets 38 located adjacent 

25 the splines 42 of the torsion bar 50. With the 

torsion bar in place, a tool is inserted into the 
pockets to locally deform the spool 30 to crimp the 
spool splines 42 and the torsion bar splines 56b 
together . 

30 Emergency locking retractors (ELRs) include a 

variety of ratchet or lock wheel assemblies. The 
precise type for use in the present invention is not 
particularly important. As is known in the art, the 
ratchet wheel assemblies include a sensor means for 
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causing a locking pawl to be brought into engagement 
with teeth on the ratchet or lock wheel to halt the 
protraction of the seat belt. Such means typically 
include the use of a vehicle or inertia sensor to 
5 sense vehicle deceleration above a predetermined level 
and a web sensor which is activated to initiate the 
locking of the retractor when the seat belt (webbing) 
is withdrawn from the spool at a rate in excess of a 
determinable level. The ratchet or lock wheel 

10 assemblies may use one or more plastic sensor pawls, 
which engage a plastic or metal ratchet wheel, which 
in turn couples a lock cup to the retractor shaft (in 
the present case to the torsion bar) . Having coupled 
the lock cup to the shaft (torsion bar) the lock cup 

15 rotates. The motion of the lock cup moves a load 
absorbing, typically metal, locking pawl into 
engagement with a load absorbing metal lock wheel, 
thus halting, if only temporarily (when using energy 
absorbing components such as a torsion bar) , the 

20 protraction of the seat belt. One such lock wheel 

assembly that is usable with the present invention is 
disclosed in US 5 529 258 or EP 0228729 which are 
incorporated herein by reference. 

The end formation 52a of the torsion bar 50 is 

25 secured to a ratchet wheel assembly 80. The assembly 
includes a ratchet body 82 and lock or ratchet 
wheel 84 having teeth 85. The ratchet body includes a 
tubular portion 86 having internal splines 88 that 
engage the splines 56a of the torsion bar 50. The 

30 lock wheel may be a part of the body 82 or a separate 
part that is staked thereto as illustrated. The 
ratchet body is received within frame opening 28a and 
is supported by a bushing 90. A locking pawl 92 is 
rotationally supported upon the frame side 24a and is 
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movable into engagement with the teeth 85 of the lock 
wheel 84 in response to the activation of a vehicle or 
web sensor. 

The lock wheel assembly 80 includes a web 
5 sensor 220 that is coupled to sense the angular 
acceleration of rotation of the spool 30. As 
illustrated, the web sensor is coupled to the torsion 
bar 50 via the lock wheel assembly, the speed of which 
(prior to lockup) is that of the spool. The lock 

10 wheel assembly further includes a vehicle sensor 222. 
As mentioned above, the specific implementation of the 
web and vehicle sensors will vary, however, this is 
known in the art. Whenever either the vehicle or the 
web sensor is activated the lock pawl 92 is brought, 

15 via known mechanisms, into locking engagement with a 
lock wheel 84 . 

The operation of the retractor 20 is generally 
the same of that outlined above. During a crash, the 
end 52a of the torsion bar 50 is locked from further 

20 rotation and the seat belt is loaded as the vehicle 
occupant moves or attempts to move forward. The 
vehicle occupant load is transferred to the spool 30, 
via the belt 36, whose motion is opposed by the 
reaction torque generated as the spring end 52b of the 

25 torsion bar is rotated. Increased vehicle occupant 
load will cause the spool 30 and the torsion bar to 
rotate, in opposition to the reaction force, thereby 
protracting the seat belt 36 and permitting the 
vehicle occupant to move forward in a controlled 

3 0 manner , 

The prior art has referred to energy absorbing 
seat belt retractors as constant force retractors. 
This reference is presumably to a theoretical constant 
plastic reaction torque (or force) that is achieved 

11 
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when the energy absorbing device, such as the torsion 
bar or crush ring, is deformed into its plastic 
region. Having generated this constant torque at for 
example the torsion bar, this force is communicated to 
5 the retractor spool and then to the seat belt. 

However, if the goal is to produce a retractor that 
displays a generally constant reaction force, even 
using a perfect torsion bar will not permit this. 
This can be seen by the following. The reaction 

10 force, F, on the seat belt is equal, in the steady 
state, to F = 0.5*D*T where F is the reaction force 
measured at the belt, D is the effective diameter of 
the spool plus any roll of seat belt webbing thereon 
and F is the reaction torque generated by the torsion 

15 bar. As the vehicle occupant loads the spool, the 
torsion bar begins to twist and generate a reaction 
torque. However, as the spool twists, more seat belt 
webbing is protracted off from the spool and the 
effective diameter, D, reduces. Consequently, even if 

20 the torque, T, is constant the belt reaction force may 
vary in correspondence to the belt removed from the 
spool . 

FIG. 6 is test data for a crash simulation of 
using a 95th percentile hybrid III dummy and the above 

25 described torsion bar retractor. This test data shows 
that a retractor using the present invention can 
generate a reaction force that is remarkably constant. 
Prior to this test the seat belt webbing was extracted 
from the retractor and secured about the dummy so that 

30 about 3-4 layers of seat belt remained rolled on the 
spool. The effective diameter prior to testing was 
D = Ds + Dw, where Ds is the fixed diameter of the 
spool which is. 41mm and Dw was the added width 
dimension due to the remaining 3-4 layers of seat belt 

12 
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on the spool. In this test condition D = 50 mm. The 
seat belt used was conventional woven polyester seat 
belt material with an elongation of about 6% and a 
thickness of about 1.27 mm. The resulting combination 
5 provided the near constant reaction force. 
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Claims : 



1. A seat belt retractor (20) comprising: 

a spool (30) and a torsion bar (50), the torsion 
5 bar including first and second end formations (52b, 
52a), the first one of the end formations (52b) is 
connected to the spool; the torsion bar further 
comprises a ductile, elongated body (52), located 
between the end formations and formed by extruding an 
10 oversized metal bar into a bar of a reduced diameter 
with its grain structure in the vicinity of a center 
of the bar oriented in a longitudinal direction, the 
bar being annealed and twisted to establish a 
determinable work. 

15 

2. The seat belt retractor (20) as defined in 
Claim 1 wherein the end formations (52a, 52b) are 
formed by a cold heading process. 



20 3. The seat belt retractor (20) as defined in 

Claim 2 wherein the second end formation is connected 
to a lock wheel assembly (84) for locking during a 
crash to prohibit the second end of the torsion bar 
from rotating while permitting the first end and the 

25 spool to rotate while permitting a seat belt (36) 

wound about the spool to be controllably protracted. 

4. The seat belt retractor (20) as defined in 
Claim 1 wherein the torsion bar is twisted about 180 
30 degrees. 
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5- A seat belt retractor (20) comprising: 
a frame (22) ; 

a torsion bar (50) comprising an extruded, 
reduced diameter center portion (52) rotationally 
5 supported relative to the frame for generating a 

predetermined reaction torque as it is twisted, the 
torsion bar characterized by an elastic deformation 
zone and a sharp onset into a plastic deformation 
zone; 

10 a spool (30) operatively connected to rotate with 

the torsion bar; 

a lock means (80), adaptable during a vehicle 
crash and operatively connected to a first portion of 
the torsion bar for, at least, temporarily stopping 

15 the torsion bar and the spool from rotating; 

the spool having a seat belt positioned thereon, 
wherein with the lock means activated to prevent the 
first portion of the torsion bar from rotating and 
with a load applied to the seat belt, the spool and 

20 the torsion bar are rotatable in a direction of seat 
belt protraction opposed by the reaction force 
generated by the torsion bar as it twists. 

6. The seat belt retractor (20) as defined in 
25 Claim 5 wherein the torsion bar (50) is subjected to a 
pre-stress, prior to installation within the retractor 
sufficient to orient the grain structure of the bar 
longi tudinal ly . 

30 7. The seat belt retractor (20) as defined in 

Claim 5 wherein the torsion bar (50) is subjected to a 
pre-stress, prior to installation within the retractor 
sufficient to product a sharp onset into a plastic 
deformation zone. 
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8. The seat belt retractor (20) retractor as 
defined in Claim 5 wherein the torsion bar (50) has a 
circular cross section. 

5 

9. A seat belt retractor (20) comprising: 

a spool (30) having a determinable amount of seat 
belt stored thereon and a torsion bar (50) , the 
torsion bar including first and second end formations 

10 (52b and 52a), the first one of the end formations 
(52b) is drivingly connected to the spool; 

the torsion bar further includes a ductile, 
elongated body (52), located between the end 
formations and formed by extruding an oversized metal 

15 bar into a bar of a reduced diameter with its grain 
structure in the vicinity of a center of the bar (50) 
oriented in a longitudinal direction, the bar being 
annealed and twisted to establish a determinable work, 
the retractor generating a reaction force on the belt 

20 to oppose forward motion of an vehicle occupant in a 
crash, the reaction force being generally constant 
over a period of time as the seat belt protracts from 
the spool . 

25 10. The seat belt retractor (20) as defined in 

Claim 9 wherein the effective diameter of the spool 
(30) varies during the operation of the retractor. 



16 



WO 00/21802 



PCT/US99/15623 



1/4 



TORQUE 




100 



Fig, 1 



DEFLECTION 




Fig, 5 



WO 00/21802 



PCT/US99/15623 




WO 00/21802 



PCT/US99/15623 



3/4 



110 




Fig, 4a Eig^b 



WO 00/21802 



4/4 



PCT/US99/15623 




Fig. 6 



INTERNATIONAL SEARCH REPORT 



I national Application No 

PCT/US 99/15623 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B60R22/34 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B60R 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with Indication, where appropriate, of the relevant passages 


Relevant to claim No. 


P.A 


US 5 899 402 A (KONING RICHARD W) 
4 May 1999 (1999-05-04) 
the whole document 


1,5,9 


A 


WO 96 32303 A (AUTOLIV DEV ;SINGER KLAUS 
PETER (DE); WITFELD ENNO (DE); CLUTE GUE) 
17 October 1996 (1996-10-17) 
the whole document 


1,5,9 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 009, no. 055 (M-362), 

9 March 1985 (1985-03-09) 

& JP 59 190529 A (MITSUBISHI SEIK0U KK), 

29 October 1984 (1984-10-29) 

abstract 

-/-- 


1,5,9 



LH 



Further documents are listed In the continuation of box C. 



ID 



Patent family members are fisted in annex. 



" Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international tiling date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

"4" document member of the same patent family 



Date of the actual completion of the international search 

18 October 1999 


Date of mailing of the international search report 

29/10/1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5816 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax: (+31 -70) 340-3016 


Authorized officer 

D'sylva, C 



Foim PCT/1SA/210 (second sheei) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



lc -atlonal Application No 

PCT/US 99/15623 



C(Cominuatkm) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, whore appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 016, no. 229 (M-1255), 

27 May 1992 (1992-05-27) 

& JP 04 046650 A (RHYTHM MOTOR PARTS MFG 

CO LTD), 17 February 1992 (1992-02-17) 

abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 120 (M-685), 

14 April 1988 (1988-04-14) 

& JP 62 246636 A (0AI0O STEEL CO LTD), 

27 October 1987 (1987-10-27) 

abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 283 (M-1613), 

30 May 1994 (1994-05-30) 

& JP 06 050370 A (NHK SPRING CO LTD), 

22 February 1994 (1994-02-22) 

abstract 

GB 1 095 802 A (REGIE NATIONALE DES USINES 
RENAULT) 

the whole document 



1,5,9 



1,5,9 



1,5,9 



1,5,9 



Form PCT/tSA/210 (continuation oi second sheer) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Inform at ton on patent family members 


lr -atlonal Application No 

pa/US 99/15623 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


US 5899402 


A 


04-05-1999 


NONE 






WO 9632303 


A 


17-10-1996 


BR 9604931 A 
DE 19681341 D 
GB 2314535 A,B 


09-06-1998 
19-03-1998 
07-01-1998 


JP 59190529 


A 


29-10-1984 


NONE 






JP 04046650 


A 


17-02-1992 


JP 2592171 B 


19-03-1997 


JP 62246636 


A 


27-10-1987 


NONE 







JP 06050370 A 22-02-1994 JP 2618159 B 11-06-1997 



GB 1095802 A NONE 



Form PCT/1SA/210 (petert tamfly annex) (July 1992) 



